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INSIGUTS INTO THE NATURE AND CONTROL OF ROTOR HOTSE

Robert J. legg
NASA Langley Research Centoer

SUMMARY

This paper summarizes the present understanding of four Importunt far-
field rotating blade noise sources and highlights technliques for noise reduc-
tion. These four nolse areas include the role of unsteady blade surface
loads on rotational noise, the effect of turbulent inflow on the radlated
broadband noise of an airfoil, the influence of the trailing vortex on
impulsive noise and tail rotor noise, and the effect of blade geometry on
high-speed impulsive noise. These noise mechanizms occur to varying degrees
on both helicopter rotors and propellers.

Considerable theoretical work has been done in the area of high-speed
impulsive noise resulting from the geometry of the rotating blade system.
Both model and full-scale experimental correlation of helicopter and propel-
ler high-speed noise are presented. The effect of blade number and airfoll
thickness distribution in reducing the high-speed noise is shown. The
ideas presented in this paper should be of special interest in light of the
proposed federal helicopter noise certification rulings.

INTRODUCTION

In the V/STOL and short-haul aircraft market of the future, the heli-
copter and propeller-driven aircraft will comprise a significant part of the
overall population., Noise requirements such as those currently being pro-
posed for helicopters, which are dictated by operations intc densely popu-
lated or cuiet surburban areas, require that the designer have a better
understanding of the complex noise-generating mechanisms,

Rotating blade noise is the primary noise component for these aircraft.
For general aviation propeller-driven aircraft, engine exhaust noise could
also become a duominant noise source. This paper, however, will deal with
the noise problems associated with helicopters, This type of aircraft can
have several significant noise sources. These sources are shown in figure 1,
Even though the operating conditions vary widely for the virious types of
rotating blade propulsion systems, a generalized noise spectrum represents
the radiated noise., This generalized spectrum is shown schematically and
indicates In figure 2 the primary sources of interest, The first source is
associated with stceady blade loads which do not vary as a function of time
or azimuth positinn., These loads are related to the torque, thrust, coning,
and blade thickness., The second source is that due to the incoherent loads
on a blade moving through the air and is referred to bv Wright (ref. 1) as
"self-noise." These latter nonperiodic noises are related te the viscosity
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effects of the ailr and arise from such phenomena as inflow turbulence, bhoundary
layer, separated {lows, and vortex sheddIng,  The nolse pencerated by the steady
loadn and the self-potde are components whleh are constldered to be unavoldable
with the operation of conventlonal rotatling blades and thus constitute the
minimum nolse of the syatem (ref, 1) A third component of nolse s termed
"excess nolse' and results from unsteady loading due to Interaction with natural
atmospheric turbulence, Interaction with shed vortices, or blade operation in
the transonice speed reglme,  These latter nolues generally occur at a blade
passage {requency in a ranpe which s erltical to detectlon and community
annoyance,

Numerous fnvestigatlons have established the effoect and relatlonships of
steady loads (ref. 2 to 4) and incoherent loads (self-nolse) (refs. 5 and 6)
on the radlated noise. The purpose of this paper is to identify the mechanisms
and possible nolse control approaches associated with the nolse resulting from
unsteady loading on hellcopter rotor blades.,

UNSTEADY NO1SE
Role of Fluctuation Pressure

Fluctuating blade loads can be categorized broadly as both periodic and
nonperiodic. These loads may arlse from such phenomena as blade vibrations,
cyclic blade input, localized shock cffects, and potential field interactions.
3y using current rotational noise prediction techniques, improved agreement
between predicted and measured noise requires a knowledge of these high-frequency
fluctuating aerodynamic blade loads. Figure 3 shows highlights of tests con-
ducted on the langlev helicopter rotor test facility (ref. 7). These tests
included simultaneous measurements of high-frequency fluctuating surface pres-
sures and far-field radiated noise made on a tfull-scale nontranslating rotor
system. Spectral characteristics of measured blade surface pressures were
then applied to the existing compact rotational noise theory and compared with
measured far-field nuise. A comparison of the calculated and measured rotational
noise showed that good agreement was obtained by using a 40-percent chordwise
integration of the measured fluctuating blade loads acting at a single point
on the blade. Reliable information concerning the varifation of these fluctuating
loads with flight condition is still not available,

Vortex lateraction

Main rotor.- The effect of free alr turbulence on the discrete noise from
rotating blade devices having skewed intlow is apparently small, Skewed-intlow
rotating blade devices (helicopter retors and tilt rotors), however, are atfected
by the rapid pressure fluctuations caused by a shed vortex passing close to a
lifting surtface, Une ot the larpest coutributions to helicopter noise, when
1t occurs, results from the interaction ot the shed blade tip vortex and the
following blade. This "slapping'"” noise can be very significant from an annov-
ance and detectability standpolnt,  In figure 4, vapor ceondensation shows the
shed vortices for a hovering commercial helicopter,  In torward flipht and at
certain rates of descent these vortices goe through the rotor disk oni interact
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with the rotor hlades and resale in rapld presonre floctuatione and gl i
nolse, Figure 9 presents sehemat beally the replons of helboopter Impul.ive

nolae due to vorteg Interaction and high=speed i tecto, Niph=speed eflects are
treated in oo later seetlon, This flpure T oa neans of gapphog Che SETpht repione,
(rate of dencent and alrapecd) vhere dmpalabee e ione becomes o prollem, dhe
blade slap boundary wmap has been used to determine tHTpht path management teclke
niques to reduce terminal acea nolae tevels (ret, By,

The lack of adeguate experbaental acoust be data, whiich can be oused to faen
tify the basic nobse mechantsm, and the radbation patterns of helleopter fnpal-
glve nolue, can be traced to a vartety of measuroment diet fealtiesy this INTRIE
of data forced past fuvestipators to utilise qualitative obgervat fons and Limitedd
measurements to Judge the extent ot the blade slap problems The most conmon
method of measuring fmpulsive nofse is to station o microphone at o fised posi-
tion on or above the ground and 1y the helicopter alony nominal trajectorie:
at selectud forward-flight conditlons, Under ideal conditions, a quantitative
assessment of the character of the nolse s possibiles However, when one triee
to compare, in detail, the nolse produced by the same airerait under ditterent
flight conditions, or to develop directivity patterns of the radiated noine
holding all other wertinent variables constant, such as distanee to the ticro-
phone, azimuth angle, and ambient wind effects, the technical probders and sta-
tistical uncertaintics combine to make the data-patheving task verv ditricalt,

Several inflight techniques for obtaining impulsive nofse measurenenuts hve
been developed., The intlight acoustic measurement svsten CITAMS)Y is a research
tool designed to study these phenomena. Typical pressure time histories mea-
svred with IFAMS are shown in figure 6. By providing a micvophene array clese
to the acoustic source, source location, near-ticld spectra? charactori<tios,
and pressure signatures can be obtained. The data on the lett ot fivure b
show a pressure time history and spectrum fron the advancing side micrephone,
and data on the right arce from the retreating side.  The {light conditions ar
36 m/sec (70 knots) airspeed and 183 m/min (600 ft/min) rate of descent. The
advancing side pressure time history shows discrete amplitude spikes attributable
to main-rotor blade and vortex interaction at main-rotor blade passawe fregquencey,
The retreating side pressure time histery shows ae diet inguishing pressure peave.
and is about 20 dB below the noise level or the advancing side.

Another inflight measurement technigue utilizes a quiet, fired-=wing aireraft,
instrumented with a microphone, and flown te maintain a tixed relative position
with the test helicopter. Results of flight tests using this method are reperted
in reference 9. This technique con be used to obtain tar-tficld noise measure-
ments without Doppier shitt,

Various attempts to modity the tip vortex an' thereby roduce the vertesss
induced excess noise have been tricd.  These attempts hove beca boeth o s
(blade tips) and active Cair mass injection), e results of an fnvestivetion
with a linear air mase infection syetem on g S 1 dieeeter (7 vt wind=tapne’
model are shown in freure 70 The objective of this ivvestivation was te teter
mine whether the accelerated vortex aplog by the air fnjection ol redn ot
noise. The lett-hand pressure tine histery o and spoctrm ceme troe the rotor D
a descent conditien thot reselts in the maginum interi tion impuleive noise,
The interaction peals in the pressure time hiscers are clearly visibleo When
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air is introduced at the blade tips into the vortex core, the resulting pressure
time history is obtaired as shown on the right-hand side, The interaction peaks
¢u the pressure time history have been substantially reduced, and the overall
sound pressure level has been reduced approximately 5 dB(A),

dail rctor.~- In addition to the effect of the vortex of a following main-
rotor bhlade, the eoffect of the vortex plays an important part in the noise
generavad by the tail rotor. A research model was constructed, and a wind-tunnel
investigation was conducted to determine the effect that the shed vortex from
the maia rotor had on the noise generated by the tail rotor. Figure 8 shows
a picture of the model and some initial test results, The model has the capa-
bility of independent rotor speed control, variable thrust on both rotors, vari-
ation ¢f the direction of tail-rotor rotation, and placement of tail rotor
relative to the main rotor.

Thr spectra shown in figure 8 indicate the effect of main~rotor wake on
the tail-rotor noise at increaesing airspeeds. The predominant discrete harmonics
are those due to the tail rotor. It can be seen that the general overall noise
level increases with increasing aivcspeed. As airspeed is increased, tail rotor
ard vortex interactions occur at different positions on the tail-rotor disk and
tin affect dilferent harmonics., In addition, it was ascertained that tail~-
rovor 10ise was sensitive to the location of the vortex interaction on the tail-
roto) alsk, the direction of tail-rotor rotation, the lateral fin-rotor spacing,
and the thrust direction of the tail rotor. Tail-rotor noise was found to be
insensitive to the main-rotor thrust coefficient, longitudinal spacing of tail
rotors, and the tail-rotor ratios of rotational speed to main-rotor rotational
speed, The results of this study offer several approaches to reduce the noise
of the tail rotor.

High-Speed Flow

Impulsive noise from helicopters can also originate from compressibility
phenomena. Figure 5 schematically indicates that part of the flight regime
where this type of noise becomes an increasing problem. Certain techniques can
be used to push this boundary to higher speeds, but will never eliminate it.

If the operational emphasis is on high-speed flight, then this source of noise
will be imporcant in determining en route flight limitations.

Th. two main sources for high-speed noise are the periodic pressure distri-
butivuc due to unsteady shock formations on the advancing side and the monopole
noise due to blade thickness and planform.

A recent theoretical prediction technique (ref. 10) based on a noncompact
acoustlc source model is directly applicable to high-speed propellers and rotors.
Figure 9 shows a comparison of measured and calculated pressure time histories
of a helicopter flying at 165 knots over a microphone. The advancing tip Mach
number is 0.89., The two time histories agree very closely; the calculated pres-
sure signature is besed only on thickness noise., The effect of the tail rotor
can also be seen in the measured pressure time history. By using this theory
for high-speed rotating blade noise, an analytical tool exists for developing
means of reducing high-speed rotor noise. An example of the use of the theory
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for nolse reduction 1s highlighted in figure 10, Pressure signatures werc calcu-
lated for three nonlifting rectangular planform blades with different airfoil
gsections., The airfoil sections are a biconvex parabolic arc, a NACA four-digit
symmetrical airfoil, and a supercritical airfoll, all with a 9,3~percent thick-
ness ratio. The flight conditions werc held constent for all three alrfoil
cases. From this figure, it is obvious that reduced noise levels have been
achieved with the biconvex airfoil section. Camber shape does not enter into
the analysis of thickness noise, but docs govern airfoil lift characteristics;
therefore, one can theoretically obtain suitable aerodynamic characteristics
and lower high-speed impulsive noise by controlling the airfoil thickness
distribution.

NOISE CONTROL TECHNIQUES

There are several basic approaches for the control of the unsteady load
noise sources. These techniques can be categorized into three major areas:
those involving detailed design changes such as rotor blade tip design, those
involving overall configuration changes such as an increase in the number of
blades, and those pertaining to changes in operation procedures. Table 1 out~
lines these noise control approaches for the four primary noise sources.

CONCLUDING REMARKS

It has been pointed out that the general noise spectra for a number of
free, rotating blade systems are the same and that the excess noise is the
primary contribution to annoyance and detectability. The excess noise is made
up of various sources of unsteady loads such as the ingestion of natural atmo-
spheric turbulence, vortex and lifting surface interaction, and transonic flow
phenomena.

The effect of shed vortex modification (reduced strength, etc.) has a
significant effect on reducing the impulsive noise associated with helicopters
operating in the terminal area. Lastly, it was shown that by careful attention
to blade airfoil and planform, the high-speed impulsive noise boundary can be
pushed to higher flight speeds; thus the helicopter could cruise more
economically,




U U——

REFERENCES

i_ 1. Wright, 8. E.: The Acoustic Spectrum of Axial Flow Machines. J. Sound
?\7 & Vib., VOl. 45, no. 2’ Mal" 22, 1976’ ppo 165-2230

ﬁ} 2. Gutin, L.: On the Sound Field of a Rotating Propeller. NACA T™ 1195, 1948,
& (From Physik. Zeitschr. der Sowjetunian, Bd., 9, Heft 1, 1936, pp. 57-71.)

3, Garrick, I. E.; and Watkins, Charles E.: A Theoretical Study of the Effect
of Forward Speed on the Free-Space Sound Pressure Field Around Propellers.

¥
ﬂ§§ NACA Rep. 1198, 1954, (Supersedes NACA TN 3018.) -

4, Wright, S. E.: Sound Radiation From a Lifting Rotor Generated by Asymmetric
Disk Loading. J. Sound & Vib., vol. 9, no. 2, Mar. 1969, pp. 223-240, ]

5? 5. Stowell, E. 2.3 and Deming, A. F.: Vortex Noise From Rotating Cylindrical 1
Rods. NACA TN 519, 1935. J

4f: 6. Clark, P. J. F.; and Ribner, H. S.: Direct Correlation of Fluctuating Lift ‘
' With Radiated Sound for an Airfoil in Turbulent Flow. J. Acoust. Soc. 1
America, vol. 46, no. 3 (pt. 2), Sept. 1969, pp. 802-803. §

7. Hosier, R. N.; Ramakrishnan, R.} and Pegg, R. J.: The Prediction of Rotor
Rotational Noise Using Measured Fluctuating Blade Loads. J. American
Helicopter Soc., vol. 20, no. 2, Apr. 1975, pp. 2-11.

P 8. Halwes, Dennis R.: Flight Operations To Minimize Noise. Vertiflite,
vol. 17, no. 2, Feb. 1971, pp. 4-9. '

9, Boxwell, D. A.; Schmitz, F. H.3 and Hanks, M. L.: In-Flight Far Field
Measurement of Helicopter Impulsive Noise. Paper presented at the First
European Rotorcraft and Powered Lift Aircraft Forum (Southampton, England),

s Lo :

B

O 10. Farassat, F.; Pegg, R. J.; and Hilton, D. A.: Thickness Noise of Helicopter :
t Rotors at High Tip Speeds. AIAA Paper 75-453, Mar. 1975. §
1 i

By |
BN

556

s - .
o 2 b g . -




Y AN

TABLE 1.~ NOISE CONTROL SUMMARY
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